INTRODUCTION
Since 1983, we have been using quadrilaterals defined by survey stakes ( fig. 1 ) to measure displacements, strains, and tilts at the surfaces of landslides. A companion paper will describe the use of quadrilaterals and give derivations of the equations needed to compute displacements, strains, and tilts. This report provides user instructions for, and listings of, BASIC programs that perform the computations. It is assumed that the reader is familiar with MBASIC and CP/M. However, we have tried to make the user instructions complete and step by step so that the average user can run the programs successfully. In the field, the slope distance between each pair of stakes and the elevation of each stake is measured. The azimuth of line AC is used to orient the data. Angles 0., . . ., 0g are computed from the distance measurements by means of the law of cosines.
Four separate programs are used to handle data obtained from the field measurements: The first, called TEMPDAT.BAS, creates data files; it has a companion program, PRINTDAT.BAS, which prints the contents of the files. The third program, QUADDSP.BAS, computes displacements of two points (corners of a quadrilateral) on a landslide, relative to two points off the landslide ( fig. 2) Figure 2 . Sketch of reference system for computing displacements across a discontinuity or landslide boundary. The x-y plane is horizontal; the origin is at point A and the positive x direction coincides with the direction of line (AD), (a) Displacement component u^ is parallel to x, u^ (not shown) is vertical, and U2 is parallel to y. The angle between the horizontal projection of the total displacement and the x axis is X. The following section gives a brief description of each program, its input, operation, and output . Examples of program runs with sample printouts follow the descriptions, are in the appendix.
Program listings and explanations of program units TEMPOAT.BAS In the program, TEMPDAT.BAS, the field measurements are typed in by the user as DATA statements. Instructions for typing the DATA statement are listed in lines 1000-1015 of the program (Appendix). When the program is run, the DATA statements are read, and data belonging to a specified quadrilateral are stored in a sequential file that bears the name of the quadrilateral. The date of measurement, azimuth of line AC, and the slope distances are stored in their original form. The stadia intercepts (elevations) of each corner of the quadrilateral are stored as the elevation differences between point A and the other points.
The programs require that a printer is available for use. If a printer is not available, then all LPRINT statements must be changed to PRINT statements.
SAMPLE RUN OF TEMPDAT.BAS
(In all the sample runs, boldface type gives the user response to instructions or prompts given by the computer. Computer prompts are underlined. The symbol <Ret> denotes the return key.)
Insert the diskette with MBASIC in drive A and type
MBASIC
The computer responds by showing version and copyright information on the screen. Remove the diskette in drive A and insert the diskette with the application programs. Typing the command RUN "FILENAME" causes the program to be put into memory and executed. User types in quadrilateral name or number, for example, Q-2 <Ret>
The computer then prints the quadrilateral names and dates on the screen and prints "FOUND IT!" each time that data belonging to the specified quadrilateral are found. When the trailer (a data set for which the azimuth is greater than 360) is encountered, the file is closed. Control returns to line 5, which prints the prompt:
"Control C" terminates program operation.
PRINTDAT.BAS PRINTDAT.BAS makes a tabulated listing of the contents of the data file for each quadrilateral. Because neither PRINTDAT.BAS nor TEMPDAT.BAS sorts the data to put it in chronological sequence, the data sets will appear in the order they were typed into the TEMPDAT.BAS program. PRINTDAT.BAS prints only three places to the right of the decimal point. However, measurements stored in data files created by TEMPDAT.BAS are identical to (have the same number of decimal places as) their counterparts in the DATA statements. Figure 5 . Sample printouts by PRINTDAT.BAS. The top line gives the quadrilateral number. In each succeeding line, the first column gives the date of measurement; the second column gives the azimuth of line A-C (note sign convention given in the appendix); the next six columns give the slope lengths of lines AB, BC, CD, DA, AC, and BD; and the last three columns give the elevation differences AB, AC, and AD.
QUADDSP.BAS QUADDSP.BAS reads data from files created by TEMPDAT.BAS and computes three-dimensional displacements of the two quadrilateral stakes on the landslide. The user specifies the dates of the initial (reference) and later measurements and then specifies the "reference line" (the two quadrilateral stakes off the landslide). The computer searches file Q-2, retrieves the data, and processes it. After a few seconds, the results ( fig. 6) Figure 7 . Sample printout by QUADSTR.BAS The format of the lines above "SLOPE STRETCHES" is identical to that in figure 6. The strains (just below the line of stars) are derived from the stretches by the formula Strain -(Stretch-1)x100. The heading, between two lines of pound signs, identifies each member of the 3x3 array of numbers listed for each triangle. The meaning of each abbreviation follows: >6S1 = (S.|-1)x100, maximum principal strain x 100 %S2 = (S2 -1)x100, minimum principal strain x 100 5&AREA CHANGE = (S^-DxIOO -area strain x 100 51. maximum principal stretch 52. minimum principal stretch DAREA = S^S2> ratio of final area to initial area BMAX, angle between maximum principal stretch and maximum shear strain. GAMMA-MAX, maximum shear strain PSI-MAX, angle of maximum shear strain, Tan" 1 (GAMMA-MAX). For each triangle, the original dip and dip direction are given in the line that starts 0, the final dip and dip direction are in the line that begins with 1. The quantity labeled "ROTATION" is the change in dip direction; it should not be confused with the rotation of a line that becomes parallel to the principal axis of strain. 
DISCUSSION
The programs presented in this report enable the user to organize large amounts of quadrilateral data efficiently. Three-dimensional displacements or strain and tilt can be computed quickly and accurately from successive sets of measurements. An error-checking routine in the programs is useful for detecting inaccurate sets of measurements. The programs can be used on a microcomputer; therefore, the computations can be performed away from the office. The possibility of doing the computations in the field means that the data can be analyzed and evaluated there, and that any needed changes or additions to the data collection activities can be implemented immediately. 
